Quality control and degradation of misfolded proteins are essential processes of all cells. The endoplasmic reticulum (ER) is the entry site of proteins into the secretory pathway in which protein folding occurs and terminally misfolded proteins are recognized and retrotranslocated across the ER membrane into the cytosol. Here, proteins undergo polyubiquitination by one of the membrane-embedded ubiquitin ligases, in yeast Hrd1/Der3 (HMG-CoA reductase degradation/degradation of the ER) and Doa10 (degradation of alpha), and are degraded by the proteasome. In this study, we identify cytosolic Ubr1 (E3 ubiquitin ligase, N-recognin) as an additional ubiquitin ligase that can participate in ER-associated protein degradation (ERAD) in yeast. We show that two polytopic ERAD substrates, mutated transporter of the mating type a pheromone, Ste6* (sterile), and cystic fibrosis transmembrane conductance regulator, undergo Ubr1-dependent degradation in the presence and absence of the canonical ER ubiquitin ligases. Whereas in the case of Ste6* Ubr1 is specifically required under stress conditions such as heat or ethanol or in the absence of the canonical ER ligases, efficient degradation of human cystic fibrosis transmembrane conductance regulator requires function of Ubr1 already in wild-type cells under standard growth conditions. Together with the Hsp70 (heat shock protein) chaperone Ssa1 (stress-seventy subfamily A) and the AAA-type ATPase Cdc48 (cell division cycle), Ubr1 directs the substrate to proteasomal degradation. These data unravel another layer of complexity in ERAD.
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protein quality control | stress response | heat shock C onstantly occurring statistic folding errors, as well as misfolding due to stress such as heat, heavy metal ions, or oxygen require a rigorous protein quality control system in all cellular compartments. Irreversibly misfolded proteins are degraded by a selective proteolysis machinery, the ubiquitin proteasome system. In humans, impairment of the protein quality control and elimination system contributes to several severe diseases, including Parkinson disease, Alzheimer's disease, and CreutzfeldtJakob disease (1, 2) , underscoring the importance of these quality control mechanisms. About one third of the cellular proteome consists of proteins passing the secretory pathway. Most of them are translocated into the endoplasmic reticulum (ER), where they are folded and permanently scanned for their functional structure. Only properly folded proteins are allowed to exit the ER and pass on to their site of action (3) . Proteins that cannot fold properly are withdrawn from the secretory pathway, retrotranslocated across the ER membrane into the cytosol, polyubiquitinated and degraded by the 26S proteasome in a process termed ER-associated protein degradation (ERAD) (4) .
The eukaryotic model organism Saccharomyces cerevisiae has been a driving force in the discovery and elucidation of ERAD (4) (5) (6) (7) (8) (9) (10) . It has been known for years that two polytopic ligases located in the ER membrane, Hrd1/Der3 (HMG-CoA reductase degradation/degradation of the ER) and Doa10 (degradation of alpha), play a central role in ERAD in yeast, by directing ERAD substrates to proteasomal degradation (11) (12) (13) (14) (15) (16) . Previous studies on a variety of ERAD substrates revealed that, in most cases, the absence of one of the two canonical ER ubiquitin ligases does not lead to a complete block of degradation of the tested substrate. It was thought that this might be the result of a complementary effect of the remaining ligase, which takes over part of the ubiquitination activity of the missing ligase (15, 17, 18) . However, even in the few cases in which the fate of a substrate was analyzed in strains missing both ligases, Hrd1/Der3 and Doa10, no complete cessation of degradation could be observed, indicating an additional unknown degradation route (17) (18) (19) .
Here, we report that the cytosolic ubiquitin ligase Ubr1 functions as an additional E3 ligase in ERAD in yeast. We show that in the absence of the two canonical polytopic ER membrane ligases, Ubr1 can provide ubiquitin ligation activity for the ERAD substrate Ste6* (mutated Ste6; sterile). Application of heat or ethanol stress to cells unmasks the involvement of Ubr1 in Ste6* elimination also in the presence of Hrd1/Der3 and Doa10. Remarkably, the degradation of the ERAD substrate cystic fibrosis transmembrane conductance regulator (CFTR) depends on Ubr1 even in unstressed wild-type cells. Our findings indicate a previously unknown connection between cytosolic and membrane ligases in the ERAD process of yeast, which is required for the efficient removal of certain misfolded proteins of the ER membrane. The data also imply the existence of a retrotranslocation mechanism of misfolded ERAD substrates independent of the canonical ER ligases.
Results
Membrane-Bound Ste6* Is Degraded in a Proteasomal Manner in the Absence of Canonical ERAD Ligases. Previous studies in yeast revealed that, in some cases, the absence of both canonical ER ubiquitin ligases, Hrd1/Der3 and Doa10, does not completely prevent degradation of a variety of ERAD substrates (17) (18) (19) . Therefore, we hypothesized that an additional ERAD route exists that is independent of the canonical ligases and responsible for the residual degradation. To address this hypothesis, we selected the misfolded polytopic membrane protein Ste6* as a model substrate. Ste6* is a C-terminally truncated version of the transporter of the mating type a pheromone and is retained in the ER membrane as a result of the exposition of its misfolded domain to the cytosol (17, 20) . In cells lacking the two canonical ubiquitin ligases, Ste6* is not fully stabilized but remains a target for degradation (17, 19) . Within 90 min, over 50% of the initial amount of Ste6* is still degraded in a Δhrd1 Δdoa10 background (Fig. 1A) .
Significance
The study describes a previously unknown role for the cytosolic ubiquitin ligase Ubr1 in endoplasmic reticulum-associated protein degradation, thereby connecting the protein quality control processes of the endoplasmic reticulum and of the cytosol.
As ERAD substrates usually end up in the proteasome for elimination (4-10, 21, 22) , we tested whether the residual degradation of Ste6* in the absence of the two canonical ligases, Hrd1/Der3 and Doa10, remains proteasome dependent. Hence, we used MG132, a specific proteasomal inhibitor (23) , which achieves optimum inhibitory activity in the absence of the multidrug-resistance transporter Pdr5 (pleiotropic drug resistance) (24) . In a strain devoid of the two canonical ERAD ligases, as well as Pdr5, the degradation of Ste6* was strongly attenuated when cells were treated with MG132 (Fig. 1B) . This indicates that elimination of Ste6* in Hrd1/Der3-and Doa10-deficient cells remains proteasome dependent and does not arise from other degradation systems. Because the assay in its final step was performed only with the membrane fraction separated from the cytosol after cell lysis with glass beads, the monitored degradation process refers only to Ste6* species that have been integrated properly into the ER membrane before their decomposition. These findings support the hypothesis of a yet unidentified ERAD route and propose the involvement of an additional ubiquitin ligase besides Hrd1/Der3 and Doa10 in ERAD. The ER membrane of yeast cells comprises only two membrane-embedded ligases, Hrd1/Der3 and Doa10, with no other anticipated candidates. Consequently, ubiquitination of Ste6* before proteasomal degradation would require either transport to a different cell compartment containing E3 ligases or recruitment of a cytosolic ligase to the ER membrane.
ERAD of Membrane-Bound Ste6* in the Absence of Canonical ER Ligases Is Executed by the Cytosolic Ubiquitin Ligase Ubr1. Recently, the cytosolic RING (really interesting new gene) -type ubiquitin ligase Ubr1 was linked to ubiquitination and degradation of misfolded proteins in the cytosol (25) (26) (27) . Therefore, we considered this ligase to ubiquitinate Ste6* in the absence of the canonical ERAD ligases. We compared the degradation rate of Ste6* in cells lacking Hrd1/Der3 and Doa10 and cells that also are devoid of Ubr1. Supplementary deletion of UBR1 resulted in nearly complete stabilization of Ste6* over 60 min of chase, indicating that Ubr1 can mediate ubiquitination and subsequent proteasomal degradation of membrane-bound Ste6* (Fig. 1A) . Ubr1 carries conserved cysteine residues in its RING domain that are essential for its function as a ubiquitin ligase (28) . Introduction of FLAG (hydrophilic 8-amino acid peptide with the sequence Asp-Tyr-Lys-Asp-AspAsp-Asp-Lys) -tagged, catalytically inactive, RING-cysteine-mutated Ubr1 into HRD1 DOA10 UBR1 triple-deleted cells could not complement Ubr1 function in degradation of Ste6*, whereas reintroduction of FLAG-tagged wild-type Ubr1 restored the function of genomic Ubr1 (Fig. 1C) . Thus, the ligase activity of Ubr1 is indeed required for this newly identified ERAD route.
Several E2 Enzymes Contribute to Ubr1-Dependent ERAD. The ubiquitin-conjugating enzymes Ubc1, Ubc6, and Ubc7 have been shown to be the canonical E2s in the ERAD process. Depending on the E3 ligase involved in the ubiquitination process, there is a certain requirement for E2 enzymes. Hrd1/Der3 is thought to act mainly in concert with the E2s Ubc1 and Ubc7, whereas Doa10 mainly works together with Ubc6 and Ubc7 (14, 29, 30) . Canonical ERAD of the substrate Ste6* depends on Doa10; therefore, Ubc6 and Ubc7 are the preferred ubiquitinconjugating enzymes in this process (20) . In Ubr1-dependent ERAD, the combined deletion of UBC6 and UBC7 or combined deletion of UBC1 and UBC7 showed a small but measurable decline of Ste6* degradation ( Fig. 2 A and B) . The ongoing degradation of Ste6* indicates that Ubr1 does not act primarily in concert with the canonical E2 enzymes of either of the wellestablished ERAD ligases in this process. In its function as the ligase of the N-end rule pathway, Ubr1 was shown to work prominently together with Ubc2 (31). Deletion of UBC2 led to significant, although not complete, stabilization of Ste6* in a mutant lacking the two canonical ubiquitin ligases Hrd1/Der3 and Doa10 (Fig. 2C ). This finding indicates that Ubr1 also acts in its function as an ERAD ligase together with Ubc2. The remaining degradation in the absence of Ubc2 hints at yet another E2 enzyme involved in this degradation route. As a possible candidate, we tested Ubc4, which plays an important role in cytosolic ubiquitination events (ref. 32 and included references). However, we could not find any involvement of Ubc4 in Ubr1-dependent ERAD under these conditions (Fig. 2D ). Obviously, with respect to its function in ERAD, several E2s can work together with Ubr1 and contribute to the degradation of Ste6*.
Ubr1 Interacts with Ste6*. To accomplish ubiquitination, at least a transient interaction between the ligase and the substrate is required. Therefore, we analyzed the interaction between Ubr1 and Ste6* in cells devoid of the canonical ligases Hrd1 and Doa10. To exclude the unspecific binding of Ubr1 to solubilized membrane complexes or cytosolic proteins involved in ERAD, binding of an abundant cytosolic protein, phosphoglycerol kinase (PGK), was used as a negative control. Whereas Ubr1 and the established cytosolic ERAD segregase Cdc48 (cell devision cycle) coprecipitated with Ste6*, PGK did not (Fig. 3A) . This indicates specific interactions among the substrate Ste6*, the ligase Ubr1, and Cdc48 and supports the initial hypothesis of an additional ERAD route dependent on the ligase Ubr1.
Ubr1 Maintains Ubiquitination of Membrane-Bound Ste6* in the Absence of the Canonical ERAD Ligases. Confirmation that ligase activity of Ubr1 is indeed required for substrate ubiquitination and not for other purposes came from ubiquitination assays. In wild-type cells, Ste6* was shown to be ubiquitinated at the membrane and thereafter extracted from the membrane in full length before its degradation by the proteasome (33) . Therefore, after lysis of cells with glass beads, cytosolic and membrane fraction were separated via ultracentrifugation to distinguish between soluble and membrane-associated ubiquitinated species of Ste6*. Compared with the wild type, the ubiquitination status of Ste6* was reduced only slightly in the absence of Ubr1. Relative to the amount of precipitated Ste6*, the ratio of ubiquitinated species found in the cytosolic and membrane fraction remained the same upon deletion of UBR1 ( Fig. 3B ; compare lanes 7 and 12 as well as 8 and 13). This suggests that in wild-type and UBR1 deleted cells, the canonical ligases Hrd1/Der3 and Doa10 dictate ubiquitination (Fig. 3B ) and the successive degradation kinetics of Ste6* (see Fig.  5A ). When the two canonical ERAD ligases are absent, Ste6* remains ubiquitinated, although considerably reduced compared with the wild type. Most of the ubiquitinated Ste6* species in Δhrd1 Δdoa10 cells remain in the membrane fraction (Fig. 3B, lanes 9 and  14) , indicating a lower extraction efficiency of ubiquitinated Ste6* species from the membrane in the absence of canonical ligases. When in addition to HRD1 and DOA10, UBR1 also is deleted, the ubiquitination of Ste6* is abolished to nearly background levels (Fig. 3B, lane 10 and 15 ). This proves that ubiquitination of Ste6* in cells lacking the canonical ligases Hrd1/Der3 and Doa10 is maintained by the action of the cytosolic ligase Ubr1 (Fig. 3B ; compare lanes 14 and 15). type cells. In this process, Ssa1 is thought to facilitate the integration of the substrate into the Doa10 ligase complex before its ubiquitination (17, 33) . Ssa1 also might mask hydrophobic regions of Ste6* after extraction from the ER membrane to prevent aggregation (33) . We first tested whether Ssa1 also is required for Ubr1-dependent ERAD of Ste6* in cells deficient in the canonical ligases. For this experiment, we used cells devoid of the three Ssa Hsp70s, Ssa2, Ssa3, and Ssa4, as well as Hrd1/ Der3 and Doa10 (Δssa2-4 Δhrd1 Δdoa10). To analyze Ssa1 involvement, a strain carrying a temperature-sensitive allele of SSA1, termed ssa1-45 (34), instead of the wild-type SSA1 allele was generated. This strain grows comparably to the wild type at 25°C (Fig. S1 ), indicating there are no considerable metabolic changes in the mutant strain under permissive conditions. Degradation of Ste6* was abolished completely under restrictive conditions (37°C) in ssa1-45 cells (Fig. 2E ). This requirement of Ssa1 for the Ubr1-triggered degradation process may reflect the fact that Ssa1 promotes Ste6* recognition by the ligase Ubr1 as proposed for recognition of Ste6* by Doa10 (33) . The AAA-type ATPase Cdc48 is thought to be the machine that pulls substrates out and away from the membrane (35) . In the absence of the canonical ER ligases, Ste6* still interacts with Cdc48 ( Fig. 3A and Fig. S2 ). To test Cdc48 involvement in the ERAD route dependent on Ubr1, we used a strain carrying a temperature-sensitive allele of Cdc48 [cdc48-T413R called cdc48-ts (36)]. At 25°C, the mutant strain grows comparably to the wild type (Fig. S1) , indicating a rather undisturbed cell metabolism under permissive conditions. As illustrated in Fig. 2F , degradation of Ste6* slows considerably in the cdc48-ts mutant cells under restrictive conditions of 37°C, which reflects the participation of Cdc48 in Ubr1-dependent ERAD of Ste6*.
Ubr1-Dependent ERAD Requires a Cytosolic Domain on the Substrate.
Because Ste6* contains a misfolded domain exposed to the cytosol (17, 18, 20) , recognition of this substrate by the cytosolic ligase Ubr1 seems plausible. Therefore, we tested whether in the absence of canonical ligases, ERAD substrates that carry their misfolded domain within the ER lumen also would be degraded via the Ubr1-dependent ERAD route. Two topologically distinct versions of the ERAD substrate mutated carboxypeptidase Y (CPY*) were analyzed for Ubr1-dependent degradation: ER luminal, soluble CPY* (4, 37) and membrane-tethered CT* consisting of a CPY* moiety fused to the last transmembrane domain of Pdr5 (38) . Although both substrates still were partially degraded, CPY* and CT* did not show Ubr1-dependent degradation in the absence of Hrd1/Der3 and Doa10 (Fig. 4) .
Ubr1 Is Present at the ER Membrane of Wild-Type Cells and Becomes
a Ligase for ERAD of Ste6* Under Heat and Ethanol Stress. After analyzing the interaction between Ste6* and the ligase Ubr1 in a Δhrd1 Δdoa10 background (Fig. 3A) , we were interested in determining whether Ubr1 is recruited to membrane-embedded Ste6* in wild-type cells. Indeed, Ubr1 seems to be in complex with Ste6* in wild-type cells harboring the membrane-embedded ligases Hrd1/Der3 and Doa10 (Fig. S3) . This indicates that under certain conditions, Ubr1 might play a role in ERAD even in the presence of the two canonical ligases. To investigate this hypothesis, we tested the role of Ubr1 in ERAD in the presence of tunicamycin and DTT, known to be stimuli for ER stress. Neither stress condition triggered Ubr1 participation in ERAD of Ste6* in the presence of Hrd1/Der3 and Doa10 (Figs.  S4 and S5 ). Because the cytoplasmic heat shock-inducible Hsp70 chaperone Ssa1 was shown to be involved in Ubr1-triggered degradation of Ste6* (Fig. 2E) and heat shock induction can influence ERAD (39, 40) , we speculated that a function of Ubr1 in ERAD of Ste6* in wild-type cells could be unmasked under heat shock conditions. No alteration of Ste6* degradation was visible at the standard temperature of 30°C in cells solely deleted in UBR1 (Fig. 5A) . However, during moderate heat shock (37°C) of UBR1-deleted cells, a small delay in degradation of Ste6* became visible (Fig. 5B) . A further increase in the temperature to 42°C showed a significant delay of Ste6* elimination in UBR1-deleted cells and revealed an important role of Ubr1 in the degradation process of Ste6* under this stress condition (Fig. 5C and Fig. S5) . Clearly, Ubr1 is required for efficient ERAD of Ste6* under heat stress. This indicates that Hrd1/Der3 and Doa10 are the dominant ligases that mediate the ubiquitination process of this misfolded protein under the standard temperature of 30°C (Fig. 5A) . However, their function increasingly is taken over by the ligase Ubr1 under heat stress (Fig. 5 B and C) . Exposure of cells to ethanol, known to induce a heat-like stress response (41, 42) , led to the same result: Ubr1 took over functions of the canonical ligases in degradation of Ste6* (Fig. 5D and Fig. S6 ).
Human CFTR Expressed in Yeast Is a Target of Ubr1. In our effort to identify other substrates of Ubr1-dependent ERAD, we tested human CFTR expressed in yeast. Folding of this mammalian protein is highly sophisticated and rarely complete, even in its natural environment. This renders about 70% of CFTR to proteasomal degradation via ERAD in human cells (43, 44) . In yeast, CFTR remains largely unfolded and is degraded completely by ERAD (18, 45) . When we compared degradation rates of HA-tagged CFTR in the presence of the canonical ER ligases, we found already considerable stabilization of the protein in UBR1 single-deleted cells (Fig. 5E) . Stabilization was comparable to the rate found in HRD1 DOA10 double-deleted cells (Fig.  5E ). Under heat shock conditions, stabilization of CFTR is nearly complete in the absence of Ubr1 alone (Fig. 5F ). Not surprisingly, the absence of all three ligases-Hrd1/Der3, Doa10, and Ubr1-led to complete stabilization of CFTR (Fig. 5E ). These findings reveal an important role of Ubr1 in the ERAD process of CFTR in yeast and, in general, indicate involvement of Ubr1 in ERAD of specific substrates, even in the presence of the canonical ER ligases.
Discussion
In this study, we uncovered a previously unknown ERAD route in yeast that depends on the cytosolic N-end rule ubiquitin ligase Ubr1. Whereas specific substrates, such as human CFTR expressed in yeast, seem generally to undergo Ubr1-dependent degradation (Fig. 5E) , others (Ste6*) are only targets under specific stress conditions, such as exposure to heat or ethanol (Fig. 5 A-D) . Because the ER stress inducers tunicamycin and DTT do not switch on the Ubr1 function in ERAD of Ste6*, heat- and ethanol-induced Ubr1-dependent ERAD seems to be part of a specific stress response and not a general response to random stress stimuli.
The finding that Ubr1 can trigger degradation of CFTR and Ste6* in the presence and absence of the canonical ER ligases implies that further natural ERAD substrates might exist that are not recognized prominently by Hrd1/Der3 and Doa10 but instead are preferentially polyubiquitinated and targeted to proteasomal degradation by Ubr1. It also is likely that heat stress and exposure to a high concentration of ethanol generally lead to a high load of misfolded proteins, which no longer can be handled solely by the canonical ER ligases, making recruitment of Ubr1 necessary to eliminate the misfolded proteins efficiently. In addition, heat and ethanol may alter membrane fluidity massively and thereby largely impair the function of the canonical membrane-embedded ligases (41, 42) . This scenario might be mimicked in cells with a Δhrd1 Δdoa10 background and may be the reason Ste6* becomes a target of Ubr1 in these cells (Fig.  1A) . The fact that CFTR already is a target of Ubr1 under normal growth conditions in the presence of the canonical ER ligases might be explained by the massive misfolding of CFTR domains in the cytoplasm of yeast. In contrast, Ste6* lacks only part of its C terminus and most probably contains an otherwise rather intact structure that cannot be recognized easily by Ubr1 without further misfolding upon heat or ethanol treatment.
Because absence of the E2 enzyme Ubc2 does not cause complete stabilization of Ste6* in Δhrd1 Δdoa10 cells (Fig. 2C) , additional E2 enzymes seem to be involved in the ubiquitination process of Ubr1-dependent ERAD. Although absence of Ubc4 does not seem to affect degradation of Ste6* (Fig. 2D ), Ubc4 cannot be excluded from this task, because it exhibits high redundancy with its family member Ubc5 (32) , and additional mutant analyses are necessary to clarify its possible participation in Ubr1-dependent ERAD.
Further studies are required to elucidate the targeting mechanism of Ubr1: Does it recognize the misfolded domains of the substrate with one of its known substrate-binding pockets; is it guided to the membrane bound substrate by the Hsp70 Ssa1; or is Ubr1 recruited to the ER membrane by a yet unknown factor embedded in the ER membrane?
Importantly, not every ERAD substrate becomes a target of Ubr1 when the canonical ERAD ligases Hrd1/Der3 and Doa10 are missing. Residual degradation of the ERAD substrates CPY* and CT* remains unaffected when UBR1 also is deleted (Fig. 4 A  and B) . Our findings on CT* (Fig. 4B) raise the question whether other cytosolic ligases are involved in the degradation of certain ERAD substrates or whether these substrates are passed on to the vacuole and degraded there. However, in the case of Ste6* and CFTR, the involvement of other cytosolic ligases is unlikely, because the substrates are fully stabilized in the absence of the canonical ERAD ligases and Ubr1. Based on the few substrates tested so far, one might propose that only substrates carrying a cytosolic domain can become targets of Ubr1-triggered ERAD.
Concerning retrotranslocation of these substrates from the ER to the cytoplasm, the cell seems to exhibit great plasticity. The previously proposed function of the ER membrane-embedded ligases Hrd1/Der3 and Doa10 as possible channel components for substrate retrotranslocation (9, 16, 46) cannot hold true for Ubr1-triggered ERAD of the tested substrates in the absence of the canonical ligases. The mechanism underlying the retrotranslocation of proteins from the ER to the cytoplasm in the absence of the canonical ligases using the Ubr1-dependent ERAD route will be a challenging goal in the future.
This study adds another layer of complexity to the known mechanisms of ERAD and underscores that previously accepted unidirectional pathways of ubiquitin-triggered degradation of proteins can intersect in a cell: the cytosolic ubiquitin ligase Ubr1 known to be involved in the quality control of cytosolic N-end rule substrates (47, 48) , as well as misfolded cytoplasmic proteins (25) (26) (27) , now can be connected to ERAD (this study). On the other hand, the ERAD ligase Doa10, known mainly to facilitate degradation of ERAD substrates with a misfolded cytosolic domain, also ubiquitinates cytosolic N-acetylated substrates or substrates containing specific C-terminal appendages and targets them for degradation (49) (50) (51) . Our findings on Ubr1 participation in ERAD open opportunities for future studies to elucidate the molecular interplay of ubiquitin ligases. 
Materials and Methods
Detailed information about the experimental procedures, strains, and plasmids used in this study may be found in SI Materials and Methods and in Tables S1 and S2, respectively. In short, experiments have been carried out as follows.
Ubiquitination Assay. Lysates of cells harvested in logarithmic phase were separated into cytosolic and membrane fractions. Ste6* HA was precipitated under denaturing conditions with the help of HA antibodies in the presence of N-ethylmaleimide to prevent deubiquitination. After Western blotting, ubiquitinated Ste6* species were detected with ubiquitin antibodies.
Pulse Chase Analysis. For pulse chase (PC) analysis of Ste6* HA and CFTR HA, samples of radiolabeled cells were taken at indicated time points after addition of chase media. After cell lysis with glass beads, membranes were separated from the cytosol. Solubilized membrane proteins were subjected to immunoprecipitation with HA antibodies. After SDS/PAGE, radiolabeled material of the respective substrate was quantified. PC analysis of CPY* was described previously (52) and carried out for CT* accordingly.
Immunoprecipitation Experiments. Immunoprecipitation experiments were described earlier (19) . In brief, cells in logarithmic phase were lysed with glass beads. The lysate was separated into cytosolic and membrane fractions via ultracentrifugation. Immunoprecipitation with indicated antibodies of cytosolic proteins or solubilized membrane proteins was done under conditions preserving protein complexes. Coprecipitated proteins were detected on Western blot using the indicated antibodies.
